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Leaf water and stomatal movement in Gossypium and a method of 
direct visual observation of stomata in situ 


Francis E. Litoyp 


In a previous paper* it is shown that the rates of transpiration 
in cut shoots of the ocotillo, Fouguieria splendens, recorded by 
simultaneous volumetric readings and weighings, are not parallel, 
but that the loss of water from the plant during the day is in 
excess of that taken up by the cut end of the shoot from the 
porometer. This result is in general harmony with the findings 
of Eberdtt with rooted plants of Helianthus annuus. It was not, 
however, found to be true in my study of the ocotillo that the loss 
of water takes place at a constant ratio during the hours of day- 
light, since the whole relation between the income and outgo may 
be reversed within a short space of time even during daylight by 
an apparently slight modification of the environmental condi- 
tions. This ready susceptibility of the plant lent color to the 
idea that the differences indicated by volumetric and gravimetric 
readings are measures of differences in the leaf moisture content, 
to be more briefly referred to as leaf water in the present paper, 
Determinations of the amounts of water held within the leaf at 
various times of the day, these being calculated in percentages 
of dry weight, showed that such expected differences do occur, 
but the evidence was incomplete in that the amounts of leaf water 
were not calculated to a constant, since it must be assumed that 


[The BULLETIN for December 1912 (39: 567-631. pl. 40-45) was issued Jan, 2.] 
* The relation of transpiration and stomatal movements to the water-content 

of the leaves in Fouguieria splendens. Plant World 15: 1-14. Ja 1912. ; 
+ See Burgerstein, A. Die Transpiration der Pflanzen 17. Jena, 1904. 
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the dry weight of the leaf increased during the day. The conclu- 
sions drawn rested more especially on the assumption that the 
leaf water at the close of day is not in material excess of that at 
the beginning, and upon the fact that during the afternoon there 
is a sharp rise in the amount of leaf water in spite of a constant, 
if not a still increasing, dry weight. The hope that during the 
summer of I911 the more convincing data based upon constant 
leaf area could be obtained was not realized, and the evidence 
therefore still remains incomplete. 

In September 1910 a similar attack was made upon the cotton 
plant at Auburn, Alabama, in which analogous conditions with 
respect to leaf water were found. During the present year the 
question has been further studied, the material being obtained 
from a pure strain of Dixie cotton, the seeds of which were supplied 
me by the Bureau of Plant Industry. 

Plants were grown at Auburn and, under irrigation, at Tucson, 
Arizona, in the experimental grounds of the Desert Botanical 
Laboratory of the Carnegie Institution of Washington. My 
thanks are due to Dr. D. T. MacDougal for his courteous co- 
operation. The present paper reports upon a portion of the data 
obtained bearing upon the variation in the amount of leaf water 
and upon the behavior of the stomata. 


METHODS ’ 


DRY WEIGHT AND LEAF WATER. The first two series of leaf 
samples, the figures for which are given in TABLE I, consisted of 
leaf material placed in tared, cork-stoppered bottles, weighed, 
oven-dried thoroughly and reweighed. The samples were taken 
at two hour intervals. The actual work was done by Mr. C. S. 
Ridgway, te whom my thanks are extended. The samples on 
which TABLE II! is based were taken at assumed critical times, and 
treated in the same manner by myself. 

The data in the remaining tables were obtained by cutting 
circles of the lamina with a sharp cork borer, placing them forth- 
with in tared vials and weighing before and after thorough drying. 
The area of these circles, of which between fifty and sixty were 
taken for each sample, was calculated, and the exact number of 
circles taken determined a second time after drying. All data were 
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calculated to 100 square centimeters of leaf blade. In this way 
the changes in dry weight and in leaf water for each period were 
determined. 

SroMATA. The measurements given in TABLE IX are average 
micrometer measurements of a large number of stomata for each 
period, made on material fixed in absolute alcohol.* Those in 
TABLE X are measurements of living stomata made in the field 
by the following method, first hit upon by me during my work at 
the botanical laboratory of the Carnegie Institution of Washington, 
at Carmel, California, during the summer of IgII. 

A microscope, provided with a condenser and a 4 mm. objec- 
tive with long working distance, was provided with a cooling cell. 
This was extemporized by wiring a Soyka flask beneath the sub- 
stage apparatus. For working in the field, a heavy camera tripod 
served as a stand capable of ready adjustment in height and 
position. The illumination consisted of direct sunlight, or when 
that was not available, a strong artificial light. I used a small 
miner's acetylene lamp, on the whole fairly satisfactory. A small 
arc light probably would be better, and indeed necessary when 
the leaves are very thick. 

By means of such strong illumination, properly centered and 
controlled with the iris diaphragm, it is possible to measure 
accurately living stomata of leaves with a thickness of 5 mm. 
without at all injuring them. The method is adapted to the 
observation of the stomata on a great variety of leaves, including 
many which are densely covered with trichomes (e. g., Parthenium 
argentatum Gray; Chenopodium sp.), which being out of focus 
do not interfere with the vision under strong illumination. The 
stomata at the bottom of deep pits, such as are found in the 
Cactaceae, also can be seen, but so far this has involved the 
removal of a thick slice of the underlying tissues. 

The method presents the further advantage, one of great 
importance in field work, of permitting the repeated observation 
of the living stomata, or indeed of a single one, during a sustained 
period, without injury to the leaf or its removal from the plant. 
This method has, of course, its limitations in view of the size and 








*Lloyd, F.E. The physiology of stomata. Carnegie Inst. Wash. Publ. 82. 1908. 
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shape of the microscope,* but these limitations are not as strait 
as one might suppose. For the direct visual observation of the 
living stomata in situ, for any reasonable desired period, the 
method above outlined has a unique value for certain purposes. 
It will be found, I venture to believe, to be invaluable in supple- 
menting and checking the results obtained by such methods as 
that of alcoholic fixation (Lloyd, 1. c.), of the hygroscope (of 
whatever type), of the porometer,t and of the stomatograph.t 

In using the method one must have a care for his eyes. The 
adjustment of the illumination must be done with the protection 
of a color screen, and for this purpose a leaf interposed in front 
of the objective has served well enough. Under field conditions, 
especially when one is working for a considerable length of time, 
dark eyeglasses are very desirable, more particularly if the sur- 
roundings are highly illuminated. Small circular discs of dark- 
tinted glass in various shades to be placed above the ocular have 
been found advantageous, more especially when the leaf is rather 
thin, say as thin as the leaf of the cotton. 

In the actual observation of the stomata the leaf is placed 
directly on the stage without any accessories in the form of glass 
slides or covers. It is held in position by gentle pressure upon it 
of the index and middle fingers, which, also, embrace the end of 
the objective. In the eyepiece a micrometer is placed. The 
absence of a glass slide, which is in any event unnecessary, brings 
the stomata nearer the focus of the condenser and so improves the 
definition. As one is dealing with a brilliant area of light, it is 
quite necessary to have it central, since oblique illumination 
causes bright reflections from the surface of the stomatal outer 
vestibule, which may mislead the observer. 


LEAF WATER IN PERCENTAGE OF DRY WEIGHT 


If we consult TABLE I, which contains the percentages of 
leaf water calculated to dry weight for two parallel series, treated 
as nearly alike as possible, it will be seen that when so expressed 


* An instrument of special design, now in course of construction, will obviate 
many inconveniences, 

+ Darwin, Francis, and Pertz, D. F. M. On a new method of estimating the 
aperture of stomata. Proc. Roy. Soc. B. 84: 136-154. 1911. 

¢ Balls, W. L. The “‘Stomatograph."’ Nature 87: 180. 10 Au rgIr. 
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it varies between the extremes of 318 and 220 per cent. The 
greatest difference between the two figures for any hour is 26, 
this greatest discrepancy being found at the 8 and at the 14 hour 
on September 17. If we assume an error of 13 units and apply a 
corresponding correction by addition to the smallest and by sub- 
traction from the largest percentage, a difference of 72 units is still 
afforded. If the correction is similarly applied to the percentages 
in either series, the difference may be reduced to 46 units, as 
between the 8 and 14 hour figures. It will appear from these 
figures that the error of observation is not great, and is probably 
within five per cent., a conclusion well sustained by the general 
correspondence of the figures for the two series. It ise further, 
probably entirely true that the differences are not due to a material 
error of measurement, but are actual differences in the leaf water 
of different parcels of material. Since these were not taken by 
myself, I have compared the differences with those displayed by 
my data for the ocotillo, upon which I based my conclusions 
embodied in my paper above referred to,* and I find that dis- 
crepancies in similar amounts are to be found in them. The 
same is true of the data which appear in the present account 
beyond. They may be due to individual differences, or to dif- 
ferences in groups of plants under various external conditions, 
or in the positions of the leaves taken. The general correspond- 
ence between the two series (FIG. 1) is, however, sufficiently close 
to warrant drawing the conclusion that during the night there is 
a rise in the leaf water content (which probably had been pre- 
ceded by a greater increase previous to the 16 hour) and a decided 
decrease during the day till 2 P. M. The sharp rise and equally 
sharp fall indicated between the 18 and 22 hours is puzzling, 
since if we refer it to change in dry weight, the additional difficulty 
is introduced of accounting for marked changes in the same. 
Aside from this peculiarity of behavior the general rise in water 
content may be referred to the reduction of dry weight, but this 
involves the assumption that the dry weight was reduced much 
more rapidly in the period preceding the 18 hour (say between the 
14 and 18 hour) than subsequently. A somewhat similarly sharp 


* The relation of transpiration and stomata! movements to the water-content 
of the leaves in Fouquieria splendens. Plant World 15: 1-14. Ja 1912. 
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rise in water content is indicated after the 6 hour, September 17, 
continuing till 8. The tables following show such behavior in 
only one instance (series 12), but it must be understood that the 
data therein contained were based on material collected on bright 
days, while those now being considered were taken on a morning 
(of September 17) during the first few hours of which a general 
haze prevailed. The single exception, offered by the old leaves 
collected on October 13, Ig11 (series 12, TABLE vit), differs 
quantitatively, there being here a difference of 15 units (251 to 
266 per cent.) as compared with 19 units (284 to 303 per cent.) 
in the case before us of September 17. 

The value of the comparison is slightly compromised by the 
fact that the data of TABLE VIII indicate a decrease of dry weight, 
in an amount that may, however, fall within the limits of error. 
If no change in dry weight is assumed, the difference in water 
content in percentage of dry weight would be somewhat reduced. 

In view of the further fact that the data for both TABLES v 
and vill were obtained after an increase in soil moisture, it seems 
entirely possible that under certain conditions the first two hours 
of daylight may be accompanied by an increase in leaf water. 
This involves as a corollary that the leaf, at the hour of sunrise, 
may not be completely plethoric of water. 

In order to evaluate with some degree of exactness the meaning 
of the graph embodying the data of TABLE I, I have assumed that 
on September 17 the dry weight of the leaves increased in the 
amounts of g per cent. on the original weight in the first four 
hours (6-10) and 17 per cent. in the whole period of eight hours, 
namely 6-14. These amounts are taken from TABLE VII, series 
8, and represent fairly closely the average performance for young 
leaves. The weighings for the 6 hour are taken as a basis for the 
calculation, and the leaf water content is assumed to remain 
constant, the dry weight only increasing. By comparing the 
ratios thus obtained with those actually observed, as displayed 
in TABLE I, we see that the calculated value of the ratio at the 10 
hour is less than the observed, and at the 14 hour greater (graph 
abc, FIG. 1), the latter indicating a net loss of leaf water. If 
however, an increase of 30 per cent. on the original dry weight 
be assumed, an assumption apparently justified in view of the data 
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in other tables, a net loss of water would not be discoverable 
(graph abd, FIG. 1). It is evident, however, from the directions of 
the graphs that a negative fluctuation was in progress from the 
10 to the 12 hour, followed by increase afterwards. It is also 
evident that a positive fluctuation begins after the 14 hour, if we 
suppose the datum for the 16 hour, September 16, to apply ap- 
proximately to the same hour on September 17. 

Although the above evidence is quantitatively somewhat vague, 
this result is probably due to the application of assumed dry 
weights based upon data obtained in the following year. Had 
such data been obtained at the time, their employment would lead 
to a surer inference. This appears from similar manipulations of 
the determinations contained in TABLE 1 of leaf water and 
dry weight for unknown leaf areas. 

In the first three columns are given the known data; in the 
fifth the average dry weights from TABLE Vv, which were obtained 
two days later, these being relative to 100 square centimeters of 
leaf and assumed to be applicable to August 24. Since the two 
days (August 24 and 26 at Tucson, Ariz.) were practically identical 
meteorologically, this assumption is probably entirely justified: 
By dividing the assumed dry weight into the observed dry weight 
for each hour the approximate area of the leaf sample taken at 
that hour is obtained. This affords one term of a ratio (column 4), 
the other of which is the observed leaf water (column 3) by which 
the leaf water per 100 square centimeters is derived. This, for 
each of the three hours of observation, is found in column 7 and is 
plotted in graph I, FIG. 2. 

Just above this is graph ta, the coordinate points for which 
were determined as follows. (See TABLE Iv.) The same ratios 
of increase of dry weight were assumed as above. One of the 
observed dry weight readings in TABLE III was then taken as a 
standard, and the dry weights for the other two hours were deter- 
mined by means of these ratios. By assuming the leaf water to 
be constant the inverse ratios, expressing leaf water as percentage 
of dry weight, were obtained (column 2, TABLE Iv). By comparing 
these with the ratios (column 4) of the data recorded for each 
hour (columns 2 and 4) differences are obtained by subtraction 
which determine the position of the graph of observed leaf water 
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Gossypium herbaceum. Graphs for leaf water and dry weights of leaves for the 
series indicated by numbers corresponding to their numbers in the tables. The 
ordinates in this and FIG. 3 are the same for the upper and lower portions but 
have been shortened between 70 and 130 grams. Young leaves. 
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relative to the graph of constant water when the latter is assumed 
to be horizontal, as it would be if plotted relative to constant leaf 
area (column 6). By making the value of the 6.20 hour figure 
say 160, we obtain results which differ little from those in column 
6, TABLE II, in calculating which a variable due to a somewhat 
inconstant relation between leaf weight and area was admitted. 

It is apparent that a much larger increase in’dry weight for 
the first four hours of the day than that assumed, together with 
far different march of events during the whole period, must have 
obtained in order to obviate the conclusion that on August 24 
there was a net reduction in the amount of leaf water followed by 
a material recovery. 

In addition to graphs 1 and ta are to be found in FIG. 2 the 
graphs for the young leaves in the remaining tables. The general 
similarity of the lot further impels the conclusion that graphs 1 
and ta are not wide of the truth. 

I have taken the above somewhat indirect method of drawing 
the conclusions desired with reference to the observations recorded 
in TABLE II, for the purpose of developing a comparison of the 
observations for the two days, 24 hours apart, at Tucson. We 
have already examined those of August 24, presented in TABLE III. 
Those for August 26 are to be found in TABLE V, in which the 
weights are relative to 100 sq. cm. of leaf blade. Although there 
was a marked fluctuation in the leaf water on August 26, the loss 
of water between the 6.20 and 10.20 hours being as great as that 
on August 24, it is to be noted that the recovery after the 10.20 
hour was more rapid on August 26 (graphs 2, 3), and that the 
absolute amount of leaf water was considerably greater, viz. 
about 25 per cent., on this day than on August 24. Since the 
leaves from which the samples were taken were of uniform texture 
and at similar stages of development, this difference cannot be 
attributed to variation in these. The difference is due quite 
probably to the circumstance that on August 25 the ground in 
which the plants were growing was irrigated. This, if the proper 
explanation, carries with it the suggestion that it would be well 
worth while to determine with what precision the soil water 
conditions may be registered in the condition of the leaves. It 
is quite possible that the needs of the plant for a water supply 
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to its roots could be determined by following the changes in leaf 
water from day to day, and so anticipate a condition of necessity 
which might curtail growth for a period. Obviously such a pro- 
cedure would be of practical use only where water is under control. 

We now turn to consider the tables which present data relative 
to a constant leaf area, namely 100 square centimeters. 

For the purpose of comparison in what follows, the data em- 
bodied in TABLES V-vitI inclusive have been segregated in two 
sets of graphs, those (in F1G. 2) for young or full-grown but not old 
and indurated leaves, and those (FIG. 3) for old leaves, rather the 
worse for wear. They were indurated, torn and more or less 
discolored, but a consistent effort was made to collect the material 
from leaves with a healthy appearance. The three series (1 to 3 
incl.) for Tucson, Arizona, are included in FIG. 2, since the leaves, 
while mature, were not at all indurated and, indeed, had perhaps 
not arrived at full growth, though they were well developed. 

Of the seven series of samples from young leaves one only, 
viz. no. 4, appears to indicate an aberrant behavior, especially as 
to increase in dry weight, but evidently so as to the loss of water 
also. If we disregard this case, for which no explanation is offered, 
the remainder show a general accord. Of the six remaining cases, 
two (2 and 3), those for Arizona, show an increase considerably in 
excess of those for Alabama. The ratio of increase for Arizona is 
100 to 120 for the first four hours and 100 to 136 for the whole 
period of eight hours, beginning at 6.20 for the first series; the 
ratios for the second series are 100 to 112 and 100 to 124. In 
Alabama the greatest gain for a like period was in the ratio of 
100 to 121, while the lowest was from 100 to 109. 

Stated in terms of increase of photosynthates, we have for 
the Arizona plants an accumulation at the rate of 2.25 grams 
per hour per square meter for the first four hours, and 2.00 grams 
for the second four hours, for no. 2, TABLE Vv; the corresponding 
figures for no. 3 are 1.50 and 1.50. For the young leaves of Ala- 
bama plants, excluding series 7, TABLE VI, the range of increase 
(when there was any increase at all) is from 0.5 to 1.6 grams. 
Sachs’ determinations for the sunflower were 1.88 and 1.7, and 
for the cucumber 1.5 gr. Brown and Escombe’s datum for the 
sunflower is, however, 0.714 gr. Although my own data were 








2 Lioyp: LEAF WATER IN GossyPIUM 





190\- a 


180 





170 


160 


150 


140 
































130 ‘ 
Leat Wafer. nl 
70r— 12 . 
2 
60;r- ond 
a --eT T eee I 
—_ as — } 
50 agen ~ 
: Dry Weighi. 
© ’ ’ | r l rl ilk _ 
6 Hour 8 10 12 14 
Fig. 3. : 





Gossypium herbaceum. Graphs for leaf water and dry weights of leaves for the 
series indicated by numbers corresponding to their numbers in the tables. Old 
leaves. 
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not obtained with a view primarily to obtaining light on the 
accumulation of carbohydrates, the general correspondence of the 
Alabama figures with those quoted may be noted. The greater 
efficiency of the Arizona plants possibly may be due to the fuller 
development of the leaves. This would be indicated by the 
performance of the old leaves on October 1 and 8 (series 6 
and 9g), which showed an increase of 30 and 26 per cent., but 
more surely, if it were not for the general irregularity of their 
behavior and the entire failure to get an increase at all in series 12 
and only a very slight one in series 5. On the other hand the 
light conditions in Arizona are much more favorable in view of the 
frequent cloudiness in Alabama. The days on which the Alabama 
material was collected were partially cloudy, while that from 
Arizona was taken on continuously clear days. 

The old leaves betray a much more erratic behavior and the 
data lead us to no safe conclusion. In the two cases, TABLE VI, 
series 5; TABLE VII, series 9, however, in which there was a 
marked increase in dry weight, there was also a marked re- 
covery of leaf water after the 10 hour. By contrast, however, 
the leaves that contained the greatest quantity of water, series 
12 of October 13, were the least efficient photosynthetically, a 
circumstance which throws doubt on the inference that the failure 
of the leaves of series 5, taken from all parts of the plants, to add 
to their dry weight after the 10 hour, was due to a marked loss 
of water during the corresponding period. 


STOMATAL MOVEMENT 


A glance at FIG. 2 will show that after the 10 hour has been 
reached there is a distinct tendency to recover the leaf water lost 
during the earlier hours. It is important to inquire whether this 
tendency, which begins to make itself evident during the part of 
the day when transpiration rates may be assumed to be the highest, 
is in correlation with the behavior of the stomata. 

Balls,* in Egypt, found by means of his newly devised stomato- 
graph that the stomata of the cotton slowly close as the hottest 
part of the day approaches, completing the closure as the sun 
passes behind neighboring trees at 13.40 hr., remaining closed all 


* Balls, W.L. The “Stomatograph.” Nature 87: 180. 10 Au ror. 
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the succeeding night. They open slowly after sunrise, but more 
rapidly after the sun strikes the leaf at about 7, attaining the 
maximum opening at 9, but thereafter closing steadily in spite of 
brilliant illumination. So far as | am aware this is the only record 
of the behavior of the stomata in cotton. 

The measurements given in TABLE X, made microscopically 
and at the same time by two observers, Mr. C. S. Ridgway and 
myself, in the manner earlier described, correspond in a rather 
striking way with Balls’ conclusions, just indicated. Each for- 
mula represents the minimum and maximum width of the 
stomatal pores on the upper and under sides of the same leaf. 
When a very few stomata displayed extreme dimensions, these 
are enclosed in parentheses. It may be regarded that these would 
on account of their small numbers affect but little the general 
diffusive capacity of the stomata taken as a whole. 

It is evident that during the night and until 6.20 there was no 
measurable opening movement. This must not be taken to mean 
that all the stomata were entirely closed. TABLE IX gives 
stomatal dimensions from preparations made by the alcohol 
method, in which it is evident that some opening in a few stomata 
may be observed at any time during the night. The initial opening 
on September 30, 1911, occurred about 6.30, from’which hour on a 
progressive opening movement was followed, the stomata of the 
lower faces opening somewhat in advance of those of the upper, 
though some exceptions to this appear, as at 7.50 and 8; while 
Livingston and Estabrook* found, in several kinds of stomata, 
that the upper close and open more rapidly or close more com- 
pletely than the lower. The maximum average pore width was 
attained during the period between 7.45 and 9, though the widest 
openings were seen at 8.20. Because of the extreme sizes of 
opening then noted, leaves of similar size and exposure were 
examined to verify the observation, but they were no more seen 
during the morning, except in one instance an hour later. The 
closing phase was at once entered upon, but it is evident from 
the figures that this movement was less uniform in all the leaves 
taken together than the opening. This may be readily understood 


* Livingston, B. E., and Estabrook, A. H. Observations on the degree of 
stomatal movement in certain plants. Bull. Torr. Club 39: 15-22. 12 F 1912. 
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when it is appreciated that the stomata of cotton are quite sensi- 
tive. I observed, both in Alabama and in Arizona, that at the 
same hour a leaf in the shade and one in the sun were physio- 
logically antipodal in this regard. Thus, at 8.30, August 24, at 
Tucson, Ariz., the stomata of a leaf in the shade were closed 
both above and below, while those fully exposed to sunlight on 
another leaf were 0-104 wide above, and 2-44 below. Similar 
conditions are displayed by the leaves observed at the to hour, 
TABLE xX. At the same hour it was noted that the stomata 
near the apex of a leaf were closed while those near the base were 
open, a condition readily understandable if wilting is progressive 
from the apex of the leaf downward. 

As between young and old leaves, the latter being still physio- 
logically active, it is not clear that there was a more pronounced 
tendency in one kind than in the other either toward opening or 
closing, nor that the leaves near the base of the plant were more 
favorably placed than those three feet above, at or near the top. 
Indeed, that the upper leaves close their stomata less early than 
those near the base seems indicated, and this is in harmony with 
Pringsheim’s findings,* who believes that the apical parts of the 
plant withdraw water from the older, the result of more rapid 
transpiration from the younger organs. 

The data of the table which we have been considering must 
be regarded, however, rather as an indication of the usefulness of 
the method of microscopical observation in the field after the 
manner already described. The measurements were taken rather 
at random, and as the plants were nearing the end of their career, 
the larger leaves being somewhat passées, while the young were 
from ‘‘second growth”’ shoots, at the tops of the plants. Their 
general indications, however, I believe, may be relied upon, 
namely that the maximum opening of the stomata is reached 
at about 8.30 in the morning. It has been the invariable experi- 
ence of three observers during the season of 1911 at Auburn, and 
of one of them at Tucson, that wilting of the leaves becomes first 
evident at about this hour or somewhat later each day, when sun- 
light conditions prevail. The reduction of leaf water leading to 








* Pringsheim, E. Wasserbewegung und Turgorfegulation in welkenden 
Pflanzen. Jahrb. Wiss. Bot. 43: 89-144. 1906. 
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this condition* has been demonstrated quantitatively above, the 
minimum amount being found, in these determinations, at the 
10 hour or somewhat later. It becomes evident that the opening 
of the stomata is accompanied by a net loss of water by the leaf, 
more being given off by transpiration than can be obtained to 
replace it, as I have shown to occur by comparative volumetric 
and gravimetric determinations in Fouguieria splendens.— The 
results of similar experiments with cotton may be said, in an- 
ticipation of their publication, to harmonize fully with those 
on Fouquieria. 

Concerning the relative behavior of young and old leaves 
it may be further pointed out, that so far as the evidence goes in 
the present paper there is little against either of the alternate 
views that this loss of leaf water is better resisted by the young or 
by the old. The numbers of stomata per unit area in the young 
leaves are considerably greater. An important inquiry at this 
point is in regard to the relative extent of the internal evaporating 
surfaces, f but though we do not find the answer, we may be sure 
that it is sufficient in young leaves to lead to wilting, and that the 
stomata do not head off the net loss during the period of advancing 
temperature, insolation, and evaporating power of the air. 

It is quite possible that determinations of the amount of 
leaf water at smaller intervals of time would lead to the finding that 
the loss is more sudden, after it once begins, in old leaves than 
in young ones, and that this may be connected with the relative 
diffusive capacity of the stomata in consecutive intervals of time. 
I have arrived at this suggestion by a comparison of the dimen- 
sions of the slightly open pores of young and old stomata, and 
by calculating their relative diffusive capacities. It develops 
that in old stomata the edges of the pore are more stiffly reinforced, 
and that in opening they separate from each other throughout 


* Livingston, B. E. Relation of the daily march of transpiration to variations 
in the water content of foliage leaves. Bot. Gaz. 53: 309-330. 1912. 

t+ Lloyd, F. E. The relation of transpiration and stomatal movements to the 
water content of the leaves in Fouquteria splendens. Plant World 15: 1-14. Ja 
1912. 

t Bergen, J. Y. Relative transpiration of old and new leaves of the Myrtus 
type. Bot. Gaz. 38: 446-451. D 1904. 

§ Livingston, B. E., and Estabrook, A. H. Observations on the degree of 
stomatal movement in certain plants. Bull. Torr. Club 39: 15-22. 12 F 1912. 
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nearly their whole length at once, making a long narrow opening. 
Thus I find that the pore lengthens from 12 to 13.5 uw in one case, 
and from 9 to 10.5 w in another, while the width reaches 1.8 and 
2 u respectively, these transverse measurements being applicable 
throughout the major portion of the length of the pore. Such 
stomata probably attain a relatively high diffusive capacity more 
quickly than young ones, in which pores, because of the flexibility 
of their edges, they attain their full length gradually. In the 
only series of preparations I have at hand the shortest pore I 
find is 4.5 long and 1Iy wide. Its index of relative diffusive 
capacity is 2.12. Assuming that in further opening its dimensions 
advance to 8.4 by I yu (those of a similar stoma in the same prepara- 
tion) and then to 9 by 1.5 u, the indices would be, for these dimen- 
sions, 2.9 and 3.67, whereas an older stoma would have measure- 
ments such as 14 by 0.84y, or 12 by 1.5 yu, with the indices 3.35 
and 4.24, respectively. That is, for the same width of pore, the 
maximum length is reached much more rapidly and a relatively 
high diffusive capacity more quickly in older than in younger 
stomata. If relations such as these obtain, as the evidence before 
us appears to indicate, we may well think that they may affect 
the rate of incipient drying,* either with or without appreci- 
able wilting. Differences of this kind may help to account 
for the results obtained by Bergen,t who found that the old 
leaves of sclerophyls transpire more than young leaves which 
have just attained their maximum area, though he further ob- 
served that the same relation holds for cuticular transpiration as 
well. In this regard, Pringsheim’s work, already referred to, 
may not be overlooked. It is to my mind doubtful, in view of 
the results on loss of leaf water presented in this paper, that the 
differences observed by Bergen} as between sun and shade leaves 
depend upon the water carrying capacity of the vascular tissues. 

Turning to the data of TABLEs I and Ix, as represented in 
FIG. I, it becomes apparent that the sharp rise in leaf water be- 
tween the 6 and 8 hours neither harmonizes with the results given 
in the remaining tables, nor does the curve of stomatal openings 

* Livingston, B. E. 1. . pe! “ a 

tT Bergen, J. Y. Relative transpiration of old and new leaves of the Myrtus 
type. Bot. Gaz. 38: 446-451. D 1904. 


t Bergen, J. Y. Transpiration of sun leaves and shade leaves of Olea europaea 
and other broad leaved evergreens. Bot. Gaz. 38: 285-296. O 1904. 
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for the hours of observation bring out the relations between these 
and loss of leaf water in sufficient detail. That there should 
have been increase in leaf water in the amount of about 7 per cent. 
during the period (6 to 8) when the stomata were opening from 
0.7 to I.4u, must have been due to meteorological conditions, 
though it is still not clear why the maximum leaf water had not 
been attained by the 6 hour, unless it should be shown that such a 
condition does not always intervene even in the early morning 
hours before sunrise. 

The flatness of the curve of stomatal opening after the 8 hour, 
it is likely, does not properly represent the facts, since from the 
evidence in TABLE X there was probably a considerable opening 
and closing between 8 and 10, with the maximum diffusive capacity 
reached at about 9. If, aside from this, the curve of stomatal 
opening is true, it would seem to indicate that the loss of leaf 
water from 300 to 240 per cent. took place without a sufficient 
amount of wilting to involve closure of the stomata, and that the 
leaf therefore had not passed beyond the condition of drying 
incipient to wilting. As no observations were recorded to test 
the truth of this conclusion and no measurements of the meteoro- 
logical conditions beyond the note that there was a general haziness 
until the 10 hour were made, we perhaps may be permitted to 
draw the lesson, that in such studies it is of utmost importance 
that the integral effect of such conditions should be known before 
any adequate interpretation of the water relations of the plant 
may be had. At present the most efficient method to this end 
is that of measuring evaporation with the blackened porous 
cup.* Ina future paper it is proposed to display the results which 
have been obtained in field studies of cotton in the light of such 
integration. 

Reference has been made above to the daily wilting of the 
leaves, observable at first at about the 9 hour. The stomatal 
measurements would seem to indicate that after this hour there 
is a rather steady closure. It therefore would be of importance 
to determine at what hour the maximum transpiration rate occurs 
when these conditions prevail. In anticipation of such determina- 

* Livingston, B. E. A radioatmometer for comparing light intensities. Plant 
World 14: 96-99. Ap 1911; Light intensity and transpiration. Bot. Gaz. 51: 
417-438. D ror. 
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tions, now possible by the use of the method I have described 
above, and with reference also to F. Darwin’s* verification in 
cooperation with Pertz, by means of the porometer, of his earlier 
work on the temporary opening of stomata during wilting, I 
measured by weighing the rates of transpiration of a piece of a 
cotton plant during wilting. After the cutting off, the cut was 
greased and the piece was suspended on a balance, the loss of 
weight being determined at intervals of several minutes, beginning 
at 7.22 when the stomata were open but had not reached their 
maximum. The leaves were turgid. The figures obtained (TABLE 
x1) show that between 8.02 and 8.07, following a steady fall in the 
rate, there was a temporary rise, and while this was very small 
when compared with Darwin’s data, it may be a phenomenon 
comparable with that observed by him. However, that the 
stomata open after wilting sets in still appears doubtful to me. I 
have watched microscopically the stomata of the cotton, in addi- 
tion to those of several other species, during the wilting period, 
beginning with the partly as well as fully opened condition, and I 
have never observed any such movement. There is at first no 
change. As wilting sets in, closure commences and proceeds 
steadily till complete, and I have observed no subsequent opening. 
Obviously further investigation is required to throw light on these 
differences. 
CONCLUSIONS 

In the foregoing paper a method for the direct observation and 
measurement of stomata in situ is described. The method is 
adapted to field work by night and by day. 

Leaf water, stated in percentage of dry weight, was found to 
vary in the cotton plant under usual conditions between 318 and 
220 per cent. On the day of observation the minimum leaf water 
content was reached at the 14 hour or thereabouts. This reduc- 
tion represents a net loss as shown by the determinations made 
relative to unit area and, therefore, with quantitative regard to 
dry weight. 

The amount of loss of leaf water when thus determined is from 
7 to 15 per cent. on the initial amount at sunrise, under the condi- 


* Darwin, F., and Pertz, D. F. M. Ona new method of estimating the aperture 
of stomata. Proc. Roy. Soc. B. 84: 136-154. 1911. 
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tions prevailing when the observations were made. Among these 
conditions it may be mentioned incidentally that the soil was well 
drained and rich in moisture at the time. Severer circumstances 
would no doubt effect a still greater loss. The observed loss, how- 
ever, may be taken as indicative of a usual phenomenon, the reality 
of which is made evident in an observed daily wilting of the leaves 
beginning at about the 9 hour, detectable not alone by change in 
position (since this may occur as a phototropic response) but by 
flaccidity. The case may be otherwise stated by saying that 
under usual day conditions, with sunshine, the roots are unable 
to supply loss of water from the leaves. Balls’* view that the 
water supply is the limiting factor of growth, and his observation 
that no growth takes place under the Egyptian sun appear to be 
quite applicable to Alabama. With regard to the amount of 
growth in Alabama, preliminary measurements, prompted by the 
results obtained from the determinations of leaf water, indicate 
that even under the presumably more favorable humidity condi- 
tions obtaining here growth does not take place for the major 
portion of the day, since during the latter part of the growing 
season an actual daily shrinkage in stem and leaf length has been 
observed. I can hardly concur, however, with Balls in his view 
that because growth does not take place in sunshine this is to be 
interpreted as unfavorable. Comparative measurements on the 
same variety of cotton obtained in Arizona betray a no more un- 
favorable reduction of leaf water than in Alabama, when there is 
sufficient water in the soil. There is evidence that variations in 
soil moisture are registered in both the absolute leaf water content 
and in the rate of recovery after the minimum quantum for the 
day has been reached, while the loss during the first part of the 
day appears to be less affected. It would seem that the real test 
is the growth integer for the season, and it is not evident that, 
with irrigation, the conditions in the semiarid Arizona desert at 
all events are unfavorable from this point of view. A hot sunshiny 
day after all may be good for cotton, but this good may not be 
apparent in growth at the time. This is indicated by the amount 
of photosynthates formed (measured with small error due to well 


* Balls, W. Lawrence. The physiology of the cotton plant. Cairo Sci. Jour. 4: 
1-9. Jl 1910; Cotton investigations in 1909 and 1910. Cairo Sci. Jour. 5: 221- 
234. S Ig1I. 
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understood causes) by the increase in dry weight. Two series in 
Arizona gave increases of 24 and 32 per cent. for 8 hours. In 
Alabama, with the exception of one series of old leaves in which 
there was no apparent change in weight, the increases ranged from 
6 to 25 per cent., the latter being one instance out of a total ofy 
seven series. Whatever may be said of increase in dimensions 
therefore, it remains the fact, that in spite of the hot unmodified 
Arizona sun shining throughout continuously cloudless days in 
August, more energy in the form of carbohydrates was made 
available than in the similar periods in Alabama. It is proper, 
however, to recall that the leaves studied in Arizona were of fuller 
development, while those in Alabama were either rather young 
(10-15 cm. transverse measurement) or overmature. 

It is obvious that it will be of great interest to make careful 
measurements of growth, as indeed of other functions, for com- 
parison with those of Balls in Egypt. 

The stomata are practically closed at night, but nevertheless 
show a tendency to open during the early morning hours.* The 
more obvious daily opening begins at about 6.30, in Alabama in 
September, and the maximum is reached at about 8.30 or 9, after 
which closure progresses until 11 or somewhat later. A con- 
comitant and appreciable wilting takes place, correlated with the 
reduction of leaf water. During wilting there appears to be no 
“temporary opening” of the stomata, although I have observed a 
measurable but not very marked rise in the rate of transpiration 
about a half hour after wilting starts in, followed by a sudden 
reduction of rate. 


*Lloyd,F.E. The physiology of stomata. Carnegie Inst. Wash. Publ. 82. 1908; 
Darwin, Francis, and Pertz, D. F. M. Ona new method of estimating the aperture 
of stomata. Proc. Roy. Soc. B. 84: 136-154. IgIt. 











22 Lioyp: LEAF WATER IN GossyPIUM 


TABLE I 


Gossypium herbaceum. Auburn, Ala., Sept. 16-17, 1910. Leaf water in per- 
centage of dry weight. 





Hour Series I Series II Average 
16 274 280 277 
18 266 284 275 ; 
20 293 306 299 
22 287 263 75 
24 282 275 278 

2 295 279 287 
4 285 291 288 
6 279 293 286 
8 292 318 303 
10 293 305 299 
12 244 244 244 
14 220 246 233 
TABLE II 


Observed leaf water expressed in percentage of dry weight and the percentages 
obtained by assuming a 9 per cent. increase in dry weight for the first four hours 
and 17 per cent. and 30 per cent. for the second four hours. 


Observed Calculated 








Hour Dry wt. Water Per cent. water Dry wt Water Per cent. 
6 4.15 11.79 284 
10 3-70 Il.07 299 4.52* 11.79 261 
14 5.53 12.87 233 4.86T 11.79 243 
5.53 12.87 233 5.40f 11.79 218 
, 
TABLE III 


Gossypium herbaceum. Series 1, Tucson, Ariz., Aug. 24, to11. Amount of 
leaf water in percentage of dry weight and the same calculated to 100 sq. cm., the 
average dry weights in TABLE V, being assumed as applicable to the material on 
which this table is based. 


Observed weights Weight per roo sq. cm. 





Hour ni Area 
Dry Water Dry (assumed) Water 
— * 
6.20 10.55 34.36 2153 0.49 1.59 
10.00 10.84 28.02 1918 0.565 1.465 


13.30 12.12 28.78 1933 . 0.627 1.493 


* 4.15 plus 9 per cent. 
+t 4.15 plus 17 per cent. 
t 4.15 plus 30 per cent. 
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TABLE IV 


Leaf water relative to constant area computed from the observed weights in 


TABLE III. Theaverage rate of increase in dry weight recorded in TABLE V is assumed. 
Ratios of water (= C) to Observed ratios water to Water to Leaf water per 
Hour dry weight dry weight dry weight, 100 sq. cm. 
area C 

6.20 326 100 326 100 100 1.60 

7 10.00 285 87.5 259 79.5 92 1.47 
13.30 254 7-7 238 73.0 95 1.52 = 

TABLE V 


Gossypium herbaceum. Tucson, Ariz., Aug. 26, 1911. Weight of water and 


dry weight in grams per 100 sq. cm. of leaf at the hours indicated. 
Irrigated Aug. 25. 


Two series 


6.20 10.20 














14.15 
Series 
Dry wt. Water Dry wt. Water Dry wt. Water 
2 0.46 1.96 0.55 1.83 0.63 1.94 
3 0.50 1.96 0.56 1.79 0.62 1.96 
Ave 0.48 1.96 0.55 1.81 0.62 1.95 


TABLE VI 


Gossypium herbaceum. Auburn, Ala., Oct. 1, 1911. Weight of water and dry 
weight per 100 square centimeters of leaf at the hours indicated. Series 4, young 
newly developed leaves near the top of the plant; series 5, mixed, old leaves from 
various parts of the plant; series 6, old leaves near the top of the plant. 























¢ 10 14.30 18 
No. 
Dry wt. Water Dry wt. | Water Dry wt. Water Dry wt. Water 
4 0.534 1.74 0.71 1.50 0.58 1.40 0.64 1.50 
5 0.50 1.66 0.54 | 1.36 0.54 1.24 0.56 1.38 
P 6 0.524 1.60 0.66 1.48 0.68 1.58 0.64 1.69 
0.515 1.66 0.64 1.45 0.60 1.41 0.60 | 2.58 


TABLE VII 
Gossypium herbaceum. Auburn, Ala., Oct. 8, torr. Weight of water and dry 
weight per 100 sq. cm. of leaf at the hours indicated. Series 7, material from alternate 
sides of the same leaves on ten plants; series 8, young leaves taken indiscriminately 
from plants in “‘lot 2, closely planted in rows.’’ All leaves in both series from fresh 


secondary growth at the tops of plants; series 9, old leaves taken indiscriminately: 
marked “old.” 








6 11.00 14.30 
No. 
’ Dry wt. Water Dry wt Water Dry wt. Water 
7 0.50 1.56 0.58 1.45 0.58 1.44 
8 0.46 1.62 0.50 1.41 0.54 1.41 
9 0.54 1.4 0.53 1.28 0.68 1.57 
P Ave... 0.50 1.54 0.54 1.38 0.60 1.47 
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TABLE VIII 

Gossypium herbaceum. Auburn, Ala., Oct. 13, torr. Dry weight and weight 
of water per 100 sq. cm. of leaf at the close of 0.83 inch precipitation during the 
preceding 48 hours. ) 

Series 10, material taken by a leaf punch from alternate sides of the same leaves 
on ten plants, not more than three circles being taken at one time from a given leaf. 
Young leaves (second growth) taken near the top of plant; series 11, young leaves 
of the same kind selected indiscriminately from ‘‘lot 2, 1911’; series 12, material 
taken as in (1) above from old leaves near the top of the plants. 


6.30 Ir.00 15.00 


Series 





Dry wt. Water Dry wt. Water Dry wt. Water 

10 0.46 1.58 0.53 1.48 0.56 1.51 

II 0.45 1.55 0.47 1.43 0.49 1.36 

12 0.70 1.7 0.68 1.81 0.70 1.69 

Ave. . 0.55 1.63 0.56 1.57 0.58 1.52 
TABLE IX 


Gossypium herbaceum. Auburn, Ala., Sept. 16-17, 1910. Average transverse 
dimensions of stomata of the upper and lower sides of the leaf. Extreme measure- 
ments are given in parentheses. 














Average transverse Average transverse 
Hour diameter, micra Hour diameter, micra 
0.7 (4) 0 (2) 
16 4 
0.6 (3) 0.5 (4) 
0.2 (2) 0.5 (1) 
20 6 
0.2 (3) 1.0 (1) 
22 o (3) 8 1.5 (5) 
0 (3) 1.2 (4) 
- 0 (1) - 1.5 (5) 
0 (1) 1.5 (4) 
0 (3) 1.5 (6) 
. 0 (2) ™ 1.2 (4) 
TABLE X 


Gossypium herbaceum. Auburn, Ala., Sept. 30, 1911. Stomatal measurements 
in field plants. Averages in bold face type. 
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(0)2-4 O-1 
0(4)" o 


(4) 


(4-5) 


(2) 
(2) 

(2.5) 
(1.5) 
(0) 


(1.5) 


(3) 


(1.5) 


(0.8) 


0-4 0-4(6) 
0-4 (0)-5(9)' 0-4 0-6(8) 


4-5) 


(o)2-8 
(0)4—-8(10)’ 0-8(12)’ o-8(12)’ 0-6(10) 
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(3) 


(2.5) 
o-6(8) 
(4-5) 
Notes. 
Shade Similar 
] ’ 
Sunlight re 


Large leaf; sunlight. 


Two young leaves of same age, twig, and 
exposure; apex of plant. 


Two mature leaves on same twig. 
Two old leaves, apparently wilted. 
Two small young leaves near base of plant. 


Two small leaves near base of plant. 
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0(3) 0o-2(4) (0.4) Two very young leaves at top of plant, same 
o * o(2) . light exposure. 
o(2) o(2) Two mature leaves tops of neighboring 
11.00 ~ (0) 


TABLE XI 


0(2)" 0(2-6) plants, with same exposures. 


Gossypium herbaceum. Sept. 27, t911. Transpiration during wilting. Top of 
chief shoot, with 3 mature leaves and 5 young leaves. 


indoors in bright diffused light. 





Hour Weight, grams 
7.22 19.3 
27 19.00 
32 18.89 
38 18.70 
44 18.5 
50 18.46 
56 18.35 
8.02 18.26 
07 18.16 
16 18.07 
3! 17.89 
40 17.70 
50 17.65 
9.02 17.51 
Ir 17.41 
27 17.23 


0.2 

0.17 
0.19 
0.14 
0.10 
0.10 
0.10 
0.10 
0.09 
0.18 
0.13 
0.1! 
0.14 
0.10 
0.18 


Cut end vaselined. Weighed 


Rate per minute 





.048 
034 
-032 
-024 
-O17 
O17 
O17 
-020 
.OoO! 
0012 
-OO14 
Oot! 
0012 
-OOIT 
.00T2 


Note. This paper is a partial report of work done as an Adams Fund project 


at the Alabama agricultural experiment station. 


McGILL UNIVERSITY. 
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On a possible relationship between the structural peculiarities of 
normal and teratological fruits of Passiflora gracilis and some 
physico-chemical properties of their expressed juices 


Ross AIKEN GORTNER and J. ARTHUR HARRIS 


We present here an account of first studies on the physical 
properties of the juice expressed from normal and teratological 
plant organs. 


MATERIALS 


The plants furnishing the fruits used were vigorous and normal 
in growth but were transplanted from the greenhouse to the field 
too late to attain the largest size or to produce the maximum 
number of mature fruits before the oncoming of cold weather. 
We were, therefore, somewhat limited in amount of material, but 
altogether 10,929 fruits were dissected in obtaining abnormals 
and normals for checks. Not many more could have been worked 
over with the facilities available. 

The fruits for which adequate samples could be secured fell 
into the following classes :* 

(a) Normal fruits. Six external sutures, three placentae, no 
prolification. A sample of such fruits, collected as described 
below, served as a check for each of the samples of abnormals. 

(b) Seven external sutures, three placentae, no prolification; 
2 samples, I, 2. 

(c) Eight external sutures, three placentae, no prolification; 
I sample, 3. 

(d) Eight external sutures, four placentae, no prolification; 
9g samples, 4-12. 

(e) Six external sutures, three placentae, slight and generally 
abortive prolification of three external carpels; 1 sample, 13. 


* For a general account of prolification in Passiflora see a paper by J. A. Harris, 
Prolification of the Fruit in Capsicum and Passifora. Ann. Rep. Missouri Bot. 
Gard. 17: 133-145. 1906. 

7 
Zi 











28 GoORTNER AND Harris: Fruits oF PASSIFLORA GRACILIS 


(f) Six external sutures, three placentae, slight and generally 
abortive prolification of four external carpels; 4 samples, 14-17. 

(g) Eight external sutures, four placentae, slight and generally 
abortive prolification of three external carpels; I sample, 18. 

(kh) Eight external sutures, four placentae, slight and generally 
abortive prolification of four external carpels; 2 samples, 19, 20. 

(1) Six external sutures, three placentae, large living prolifica- 
tion of four external carpels; 2 samples, 21, 22. 

(j) Eight external sutures, four placentae, large living pro- 
lification of four external carpels; I sample, 23. 


METHODS 


The rarity of the abnormal fruits is a source of great difficulty 
in the collection of the samples. As the fruits were dissected, 
each abnormal was placed in a dish provided with a ground glass 
cover and containing bibulous paper saturated with water in 
order to prevent, as far as possible, any drying out of the fruits. 
A normal to serve as a check was at once opened and placed in a 
similar receptacle. These two were kept side by side until it 
was necessary or convenient to combine abnormalities belonging 
to the same type and their check fruits in a pair of larger moist 
chambers. As soon as a sample of any type conveniently large 
for the extraction of juice was secured, the collection of another 
general sample and check was begun. 

Thus, while the different samples of abnormals came from 
various plants and were necessarily held for varying lengths of 
time, the fruits of each sample and of the check with which it was 
compared were drawn in equal numbers, and at the same time, from 
the same individual plants and received parallel treatment in every 
detail. 

The juice was secured by means of a large “‘beef-juice”’ press. 
It was filtered clear through a dry barium filter (S. & S. No. 589), 
and the depression of the freezing point (A) determined in the 
well-known Beckmann apparatus. The specific gravity of the sap 
at 20° C. was found by weighing in a pycnometer holding 5.2405 
grams of water at 20° C. The concentration of dissolved sub- 
stances was determined by evaporating a measured volume (10- 
15 c.c.) to dryness in glass weighing bottles, first in a water oven 














2 ree emote 








GORTNER AND Harris: Fruits OF PASSIFLORA GRACILIS 29 


at the temperature of boiling water and then completing the 
desiccation by heating to 105° C. for several hours.* 

Depression of the freezing point, A, specific gravity, d(20°/20°), 
and total solids in 100 c.c. of juice, s, are the only direct deter- 
minations entered in the table. From these, osmotic pressure in 
atmospheres, P, and the average molecular weight of the sub- 
stances dissolved in the plant sap, M, have been calculated by the 
formulae 

P = 12.060A — 0.0214? 


Ss 


d 
M = 1890 A 


Ss 


100 — 
\ d 


* It may not be amiss to consider the accuracy of our numerical data. Inas- 
much as we were not concerned with the absolute depression of the freezing point, 
but only with the sign and amount of variation between normal and abnormal 
juices, we have not taken all of the precautions which would be necessary were the 
absolute values desired. We have found that the degree of pressing the fruits has 
no influence on the relative values, providing that the normal is treated in the same 
manner as the abnormal. For example: a sample was pressed lightly-and the freezing 
point of the expressed juice determined; then the residue was pressed so that a 
considerable amount of juice was again obtained, and this juice was added to that 
from the first pressing. The absolute values are much different but the relative value 
remains approximately the same. 





Abnormal Normal Difference 
Light pressing. .... A = 0.677° C. A = 0.603° C. + 0.074° C. 
Heavy pressing... . A = 0.705° C. A = 0.628° C. + 0.077° C. 


A constant relative value is also obtained when large samples are divided into 
two portions and the juice expressed from the second portion after an interval of 
four days, showing that holding the fruits for several days does not affect the relative 
values. The absolute and relative values of a pair of samples treated in this manner 
follow: 





Abnormal Normal Difference 
Pies’. velee........ A = 0.587° C. A = 0.618° C. — 0.031° C. 
Four days later... . A = 0.677° C. A = 0.713° C. — 0.036° C. 


We have not corrected the depression of the freezing point for the amount of 
supercooling before freezing, for the same reason. That is, we are concerned only 
with a relative value. We have had occasion in several instances to repeat a deter- 
mination, sometimes as much as twenty-four hours later, on the same sample of 
juice, and in only one instance did the repetition vary from the original determination 
by as much as 0.010° and in no instance was the sign of the difference between a sample 
and its check changed. 
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The arguments in this paper are in all cases based upon the 
comparison of the samples of abnormal fruits with their checks. 
The differences averaged and discussed in the text are in all cases 
taken as abnormal Jess control, the sign of the difference being 
positive when there is a greater depression of freezing point, 
higher osmotic pressure, or higher average molecular weight, in 
the abnormal fruits. 


ANALYSIS OF DATA 

The large table gives the essential constants for the various 
lots of fruits. The section to the left contains the data for the 
samples of abnormal fruits, that to the right those for the checks. 

Consider first the properties of the juice in fruits differing only 
in the structure of the wall. 

Series (b) and (c) may be regarded as transitions between the 
trimerous and tetramerous fruits. 

In two cases A is higher and in one lower than in the control 
samples. The negative difference is only —0.012° and is but 
twice or thrice the estimated experimental error. The mean 
difference in depression of the freezing point is + 0.035°. The 
differences in pressure in atmospheres, P, have the same sign as 
the differences in depression. In one the difference is — 0.144, 
in the other two it takes the more substantial values of + 0.638 
and + 1.143; the mean of the three is + 0.546. The average 
molecular weight is in all three cases lower in the abnormal fruits, 
— 7.41, —4.46 and — 9.02 being the values. 

The tetramerous fruits (eight external sutures, four placentae, 
no prolification), class (d), are represented by nine samples, divided 


as follows: 


Mean value of 





Positive differences Negative differences differences 
Ein ag nieuw acd aot 6 3 + 0.002° C. 
Dkcievewkaner cake 2 7 — 2.81 
ee ee 6 3 + 0.024 


Combining (5), (c) and (d), we have, with headings as above, 


eee oe 8 4 + o0.010° C. 
10 — 3.85 
+ 0.154 


v 
ow 
c= 
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Or disregarding the presence of prolification and adding to 
these the other fruits which are abnormal (tetramerous as con- 
trasted with trimerous) in the organization of their ovary wall 
(i. e. classes (g), (h), and (/)), we get 


ON ak a i a es 10 6 + 0.008° C. 
DdG hincin kn bane és 3 12 — 4.21 
RETO CCT CT CRETE 10 5 + 0.15! 


Apparently, therefore, those fruits which are tetramerous or 
which show transitions between the trimerous and tetramerous 
condition, show a greater depression of the freezing point (and 
consequently a higher osmotic pressure) of their juice and a lower 
average molecular weight? than the trimerous ones. But the 
differences are so very slight, and the difficulties and sources of 
possible error are so many, that further studies will be required 
to put this conclusion on a sound basis. 

Turn now from the classification of the fruits according to 
the characteristics of the ovary wall to a consideration of the 
question of prolification. Here classes (b), (c), (d) may be left 
entirely out of account. 

First dividing the fruits that have prolifications into the 
classes, trimerous and tetramerous, with respect to the char- 
acteristics of the ovary wall, without regard to the size or the 
structure of the included body, we have the following: 

For trimerous fruits (classes (e), (f) and (i)), 


Mean value of 





Positive differences Negative differences y 7 aah 
De wite ake wares eake 5 2 + 0.016° C. 
Dwi dcene ees seinen 4 2 + 3.21 
Pikbhsaeee naees os 5 I + 0.417 


For tetramerous fruits (classes (g), (#) and (7)), 


* Depression of freezing point is available in one series in which the sample was 
lost before the total solids had been determined. Hence M and P are omitted. 

+ The average molecular weight does not necessarily take the same direction as 
the difference of the freezing points would indicate, inasmuch as colloids do not 
affect A but do influence the amount of total solids and through this the average 
molecular weight. 

t The depression of the freezing point is available for one case for which M ind P 
were not calculated, for the reason noted above. 
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id cdc eats once 2 2 + 0.002° C. 
Sa a I 2 — 5.66 
RR ne ere 2 I + 0.141 


On combining trimerous and tetramerous (as above) without 
regard to the character of the proliferous body we have: 


Srey eee 7 4 + o.011° C. 
) Seer errr 5 4 + 0.25 
Drak nie tik Aehcbecs | 2 + 0.325 


Apparently the proliferous fruits tend to show a greater de- 
pression of the freezing point and a higher osmotic pressure in 
their expressed juices than the normal checks with which they 
were compared. This is true for trimerous and tetramerous 
fruits alone and for the two classes taken together. Considering 
the fruits merely as normal and abnormal, we note that these 
results are in good agreement with those for fruits abnormal only 
in respect to the structure of the wall. For the trimerous fruits 
the results for M are, however, not in accord with those for fruits 
abnormal with respect to the wall only, M being higher in the 
abnormals thari in the controls. For the tetramerous fruits the 
average molecular weight is again lower than in the controls. 
Taking both trimerous and tetramerous fruits (with prolifications) 
together, we find practically no difference between the average 
molecular weight of the fruits containing supernumerary carpels 
and that of their controls. 

Let us now simply classify the fruits as normal and abnormal 
and compare the 23 samples abnormal in some character with 
their controls, which are normal in all regards. We have: 





Positive difference Negative difference Mean value of differences 
i inp racuee bets 15 8 + 0.0107° C. 
. Pree ere 7 14 — 2.091 
Pit ckimatcuanesane , 15 6 + 0.2275 





These results emphasize the conclusions drawn from the 
individual classes of fruits. 


* Available for one case where M and P were not calculated. 
+ Available for two cases where M and P were not calculated. 
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DISCUSSION AND CONCLUSIONS 

From the determination of the depression of the freezing 
point, the specific gravity, and the total solids in the expressed 
juice of 23 samples of abnormal fruits of Passiflora gracilis and 
a like number of controls, we are led to the following conclusions : 

Our experiments indicate that the juice of abnormal fruits 
has a higher osmotic pressure (greater depression of the freezing 
point) than that of normals. This is true whether the abnormality 
be a meristic variation in the fruit wall—i. e. an increase in the 
number of external sutures or of the number of placentae over the 
normal condition—or the production of an entirely new structure 
in the form of an included whorl or whorls of accessory carpels 
springing from the floor of the fruit (prolification of the fruit).* 

The average molecular weight of the substances in solution 
in the plant sap is, apparently, lower in the abnormal fruits, but 
this is less consistently true for the various classes of structural 
aberrations recognized. 

While the findings are fairly consistent throughout, it must be 
remembered that the problem is surrounded with many difficulties. 
We have no desire to be dogmatic concerning these conclusions, 
realizing that a wider series of material than we could possibly 
obtain is desirable,t and that many questions remain to be in- 
vestigated.[ Furthermore, it is clear that the whole problem of 
the nature of the relationship between the structure of the fruits 
and the properties of the juice remains to be worked out. We only 
claim to have demonstrated that the physico-chemical properties 
of the plant sap deserve consideration as a first step in the 
analysis of the factors involved in morphological variations of the 
fruit. 


STATION FOR EXPERIMENTAL EVOLUTION, 
CARNEGIE INSTITUTION OF WASHINGTON, 


* In a forthcoming memoir on the morphology of normal and teratological fruits 
of Passiflora gracilis one of us will show that the occurrence cf prolification is to 
some degree correlated with abnormalities of the ovary wall. 

+ We hope another year to obtain a strain of plants showing a higher percentage 
of abnormalities or at least to obtain far larger series of dissections. 

t In particular it will be of great interest to work out in detail the relationship 
between the properties of the juice of the ovary wall and that of the contained 
carpels in the case of fruits showing prolifications. Some beginning has been made 
on this problem, but as yet our data are too few to justify the discussion of this and 
several other points. 
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Ames, O. Notes on Philippine orchids with descriptions of new species 
—V: The genus Bulbophyllum in the Philippine Islands. Philip. 
Jour. Sci. 7: (Bot ) 125-143. 2S 1912. 

Seventeen new species described. 

Anderson, P. J., & Anderson, H. W. The chestnut blight fungus and 
a related saprophyte. Phytopathology 2: 204-210. O 1912. 
Discusses the Connellsville fungus, for which the name Endothia virginiana is 

proposed, and concludes that we have in our territory (1) Endothia radicalis (Schw.) 

Fr., (2) the true blight, E. parasitica (Murrill), and (3) E. virginiana. 

Andrews, F. M. Some variations in plants. Proc. Indiana Acad. Sci. 
IQII: 279-281. 1912. 

Berger, A. Opuntia tomentella A. Berger spec. nov. Monats. Kak- 
teenk. 22: 147, 148. 15 O 1912. 

Banker, H. J. Type studies in the Hydnaceae—II. The genus 
Steccherinum. Mycologia 4: 309-318. 23 N 1912. 

Steccherinum Peckii and S. basi-badium spp. nov. are described. 

Bessey, C. E. Outlines of plant phyla 1-20. Lincoln. 28 S 1912. 
Third Edition. 

Bioletti, F. T., & Cruess, W. V. Enological investigations. Calif. 
Agr. Exp. Sta. Bull. 230: 23-118. f. 1-8 Au 1912. 

Includes a list of fungi found in must of grapes. 
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Bitter G. Solana nova vel m'nus cognita—III. Repert. Sp. Nov. 11: 
201-240, 200 1912. 
Includes 32 new species in Solanum. 

Blumer, J.C. The Euphorbias of Tucson and vicinity. Muhlenbergia 
8: 97-102. 31 O 1912. 

Bédeker, F. Mamillaria Verhaertiana Bideker spec. nov. Monats. 
Kakteenk. 22: 152-155. 15 O 1912. [Illust.] 

Bovell, J. R. The use of entomogenous fungi on scale insects in 
Barbados. West Ind. Bull. 12: 399-402. 18S 1912. 

Brooks, C., & DeMeritt, M. Apple leaf spot. Phytopathology 2: 
181-190. pl. 17. O 1912. 
A disease caused by Sphaeropsis malorum. 

Brown, W. H. The relation of Rafflesia manillana to its host. Philip. 
Jour. Sci. 7: (Bot.) 209-226. pl. 12-21. S 1912. 

Cannon, W. A. Structural relations in xenoparasitism. Am. Nat. 46: 
675-681. N 1912. [Illust.] 

Chamberlain, C. J. A round-the-world botanical excursion. Pop. Sci. 
Mo. 81: 417-433. f. 1-10. N 1912. 

Clark, E. D. The original significance of starch. Orig. Comm, 
Eighth Internat. Cong. Appl. Chem. 19: 55-69. 1912. 

Clements, F. E., Rosendahl, C. O., & Butters, F. K. Minnesota trees 
and shrubs. Rep. Bot. Surv. Minnesota 9g: ix—xxi + 11-314. 
15 Au 1912. 

Clute, W. N. A _ problematical fern (Gymnogramma lanceolata). 
Fern Bull. 20: 43-45. [O] 1912.  [IIlust.] 

[Clute, W. N.] Pteridiographia. Fern Bull. 20: 56-60. [O] 1912. 
Includes notes on (1) new fern pest, (2) walking fern and lime, (3) apogamy in 


Pellaea, (4) Lycopodium lucidulum porophilum, (5) affinities of Taenitis, and (6) 
sporophyll zones. 


Clute, W. N. Rare forms of fernworts—XXII. Fern Bull. 20: 
49-52. [O] 1912.  [Illust.] 

Conklin, G. H. The Hepaticae of the sixth edition of Gray’s Manual 
compared with the exchange list. Bryologist 15: 88-91. N 1912. 

Coker, W.C. <Achlya DeBaryana Humphrey and the prolifera group. 
Mycologia 4: 319-324. pl. 78. 23 N 1912. 

Coker, W. C. Achilya glomerata sp. nov. Mycologia 4: 325, 326. 
pl. 79. 23 N 1912. 

Cook, O. F. Results of cotton experiments in 1911. U.S. Dept. Agr. 
Plant Ind. Cire. 96: 3-21. 17 Jl 1912. 

Deam, C. C. Additions to the flora of the lower Wabash valley, by 
Dr. J. Schneck. Proc. Indiana Acad. Sci. 1911: 365-369. 1912. 
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Deam, C. C. Plants new or rare in Indiana. Proc. Indiana Acad. 
Sci. 1911: 371-374. 1912. 

Detmers, F. An ecological study of Buckeye Lake. Proc. Ohio 
Acad. Sci. §: 5-138. pl. 1-12 + f. 1-31. My 1912. 

The annotated list of plants includes 19 species of fungi. 

Detwiler, S. B. Some benefits of the chestnut blight. Forest Leaves 
13: 162-165. O 1912. 

Dodge, R. Further notes on variation in Botrychium ramosum. 
Fern Bull. 20: 48, 49. [O] 1912. 

East, E. M. The mendelian notation as a description of physiological 
facts. Am. Nat. 46: 633-655. N 1912. 

Emerson, R. A. The inheritance of certain forms of chlorophyll reduc- 
tion in corn leaves. Ann. Rep. Nebraska Agr. Exp. Sta. 25: 
89-124. 1 F 1912. 

Fawcett, H. S. Citrus scab, Cladosporium Citri Massee. Monthly 
Bull. State Comm, Hort. Calif. 1: 833-842. f. 253-260. O 1912. 

Fawcett, H. S. Gum diseases in citrus trees. Monthly Bull. State 
Comm. Hort. Calif. 1: 147-156. f. 49-53. Ap 1912. 

Fisher, M. L. Report of the work in corn pollination—III. Proc. 
Indiana Acad. Sci. 1911: 283-284. 1912. 

French, G. T. Seed tests made at the station during 1910. Ann. 
Rep. N. Y. Exp. Sta. 30: 69-80. 1912. 

Gates, F.C. The relation of snow cover to winter killing in Chamae- 
daphne calyculata. Torreya 12: 257-262. f. I-3. 10N 1912. 

Greene, E. L. Certain asclepiads. Leaflets 2: 229-333. 22 O 1912. 

Greene, E. L. Certain western roses. Leaflets 2: 254-260. 22 O 
1912; 261-266. 6N 1912. 

Twenty-two new species described. 

Greene, E. L. Earlier history of our dogbanes—I._ Leaflets 2: 241- 
248. 220 1912. 

Greene, E. L. A handful of vetches. Leaflets 2: 267-270. 22 O 
1912. 

Greene, E. L. Miscellaneous specific types—VI. Leaflets 2: 270-272. 
1912. 

Includes new species in Talinum (2), Claytonia (1), Tridophyllum (2) and Sisy- 

rinchium (1). 

Greene, E. L. New species of Cicuta. Leaflets 2: 236-241. 22 O 
1912. 

Eight new species are described. 

Greene, E. L. Novitates boreali-americanae—VI. Repert. Sp. Nov. 
Ir: 108-111. 20 Jl 1912. 

Includes descriptions of 7 new species of Cercis. 
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Greene, E. L. Some new lupines. Leaflets 2: 233-236. 22 O 1912. 
Six new species described. 

Greene, E. L. Some Californian maples. Leaflets 2: 248-254. 220 
1912. 

Greene, E. L. Three new Rhamni. Leaflets 2: 266, 267. 6 N 1912. 

Grimms, E. J. New and notable members of the Indiana flora. Proc. 
Indiana Acad. Sci. 1911: 285-289. 1912. 

[Grout, A. J.| Photographing mosses. Bryologist 15: 97. pl. 4. 
N 1912. 

Bryum caes piticium. 

Hall, J. G. Monochaetia Desmazierii. Mycologia 4: 330, 331. N 
1912. 

A note on the identity of the fungus causing the large leaf spot of chestnut. 

Halsted, B. D. Shade-induced uprightness in the seaside spurge. 
Torreya 12: 262. 10 N 1912. 

Halsted, B. D. The elongation of the hypocotyl. New Jersey Agr. 
Exp. Sta. Bull. 245: 3-32. pl. 1-12. 25 My 1912. 

A preliminary study. 

Harris, J. A. A first study of the influence of the starvation of the 
ascendants upon the characteristics of the descendants—II. Am. 
Nat. 46: 656-674. N 1912. 

Harshbe ger, J. W. A classification of the departments of botany 
and an arrangement of material based thereon. Science II. 36: 
521-525. 18 O 1912. 

Haynes, C. C. Helpful literature for students of North American 
Hepaticae. Bryologist 15: 91-93. N 1912. 

Heald, F. D., & Lewis, I. M. A blight of the mesquite. Trans. Am. 
Micros. Soc. 31: 5-9. pl. r. Ja 1912. 

Heller, A. A. The North American lupines—VIII. Muhlenbergia 8: 
103-107. f. 15-17. 31 O 1912. 

Includes Lupinus apertus and L. mollis spp. nov. 

Hesler, L.R. The New York apple tree canker. Proc. Indiana Acad. 
Sci. 1911: 325-339. f. 1-7. 1912. 

Davis, B.M. Was Lamarck’s evening primrose (Oenothera Lamarckiana 
Seringe) a form of Oenothera grandiflora Solander? Bull. Torrey 
Club 39: 519-533. pl. 37-39. 18 N 1912. 

Hill, E. J. The fern flora of Illinois. Fern Bull. 20: 33-43. [O] 1912. 

Hollick, A. Additions to the paleobotany of the Cretaceous formation 
on Long Island. No. III. Bull. N. Y. Bot. Gard. 8: 154-170. pl. 
162-170. 23 N 1912. 


Includes Embothriopsis presagita gen. et sp. nov., Laurophyllum ocoteaeoides, 
Cassia insularis, Myrtophyllum sapindoides, and Ligustrum subtile spp. nov. 
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Hopkins, C. G. Plant food in relation to soil fertility. Science II. 
36: 616-622. 8 N 1912. 

Horne, W. T. Fungous root rot. Monthly Bull. State Comm. Hort. 
Calif. 1: 216-225. f. 83-91. My 1912. 

Armillaria mellea the cause of root rot. 

Hotson, J. W. Culture studies of fungi producing bulbils and similar 
propagative bodies. Proc. Am. Acad. Arts & Sci. 48: 227-306. 
pl. 1-12. O 1912. 

Includes new species in Cubomia (1), Papulospora (9) and Melampsora (3). 

Jeffrey, E. C. The history, comparative anatomy, and evolution of 
the Araucarioxylon type. Proc. Am. Acad. Arts & Sci. 48: 531- 
571. pl. 1-8. N 1912. 

Johnson, A. G. The unattached aecial forms of plant-rusts in North 
America. Proc. Indiana Acad. Sci. 1911: 375-411. 1912. 

Johnson, E. C. The smuts of wheat, oats, barley, and corn. U. S. 
Dept. Agr. Farm. Bull. 507: 3-32. f. -1z. 8 O 1912. 

Kingman, C. C. A list of mosses collected in southern California. 
Bryologist 15: 93-95. N 1912. 

Lantis, V. Development of the microsporangia and microspores of 
Abutilon Theophrasti. Bot. Gaz. 54: 330-335.f. I-12. 15 O 1912. 

Lewis, I. M. A bacterial canker of plum twigs. Trans. Am. Micros, 
Soc. 31: 145-149. pl. 14. Jl 1912. 

A disease caused by Pseudomonas Pruni. 

Lindau, G. FEinige neue Acanthaceen. Repert. Sp. Nov. 11: 122—124. 
20 Jl 1912. 

Includes Geissomeria lolioides, Streblacanthus cordatus, and Chaetochlamys pana- 
mensis spp. nov. from Panama. 


Lyon, H. L. Iliau, an endemic cane disease. Rep, Exp. Sta. Hawaiian 
Sugar Planters’ Assoc. Bull. 11: 5-28. pl. 1 +f. I-10. S 1912. 
Includes Melanconium Iliau the imperfect stage of Gnomonia Iliau sp. nov. and 

notes on M. Sacchari. 

McLachlan, A. The branching habits of Egyptian cotton. U. S, 
Dept. Agr. Plant Ind. Bull. 249: 5-28. pl. 1-3 + f. 1. 20S 1912. 

Mattei, G. E. Osservazioni biologiche sopra alcune Cactaceae. Mal- 
pighia 24: 341-345. 1912. 

Melhus, I. E. Culturing o parasitic fungi on the living host. Phyto- 
pathology 2: 197-203. pl. 20 +f. 1, 2. O 1912. 

Merrill, E. D. Nomenclatural and systematic notes on the flora of 
Manila. Jour. Philip. Sci. 7: (Bot.) 227-251. S 1912. 

Includes Fimbristylis corniculata, Tabernaemontana subglobosa, Blumea tenera, 

Limnophila manilensis, and Staurogyne rivularis spp. nov. 


Merrill, E. D. Notes on the flora of Manila with special reference to 
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the introduced element. Philip. Jour. Sci. 7: (Bot.) 145-208. 
2S 1912. 

Miller, F. A. The improvement of medicinal plants. Proc. Indiana 
Acad. Sci. 1911: 309-320. 1912. [IIlust.] 

Moore, G. T. Microorganisms of the soil. Science II. 36: 609-616. 

N 1912. 

Murrill,W.A. The Agaricaceae of the Pacific Coast—III. Mycologia 
4: 294-308. pl. 77. 23 N 1912. 
New species are described in Agaricus (9), Stropharia (2), Drosophila (5), and 

Gom phidius (1). 

Murrill, W. A. Illustrations of fungi—XII. Mycologia 4: 289-293. 
pl. 74. 23 N‘19g12. 
The following species of Russula are described and illustrated: R. sericeonitens 


Kauffman, R. Mariae Peck, R. emetica Fries, R. sulcatipes Murrill sp. nov., R. obscura 
Romell, R. uncialis Peck, R. foetens, Pers., and R. rubriochracea Murrill sp. nov. 


Murrill, W. A. New combinations for tropical agarics. Mycologia 4: 

331, 332. 23 N 1912. 

Murrill, W. A. The Polyporaceae of Mexico. Bull. N. Y. Bot. Gard. 

8: 137-153. 23 N 1912. 

Includes new species in Coriolopsis (4), Coriolus (6), Favolus (1), Grifola (1), 
Hexagona (3), Trametes (2), Tyromyces (1), Ganoderma (2), Daedalea (1), Pyropoly- 
porus (1), Gleophyllum (1), and Lenszites (1). 

Murrill, W. A. Species of Hydnaceae appear to be scarce on the 

Pacific coast, as elsewhere. Mycologia 4: 330. 23 N 1912. 

Short notes on five species collected by the author. 

Orton, C. R. The prevalence and prevention of stinking smut in 

Indiana. Proc. Indiana Acad. Sci. 1911: 343-346. 1912. 

Osner, G. A. Diseases of ginseng caused by sclerotinias. Proc. 

Indiana Acad. Sci. r911: 355-364. f. 1-6. 1912. 

Osterhout, W. J. V. Some chemical relations of plant and soil. Sci- 

ence II. 36: 571-576. 1 N 1912. 

Owens, C. E. A monograph of the common Indiana species of Hy- 

poxylon. Proc. Indiana Acad. Sci. 1911: 291-308. f. I-16. 1912. 
Pace, L. Parnassia and some allied genera. Bot. Gaz. 54: 306-329. 

pl. 14-17. 150 1912. 

Petry, E. J. Nutrients in green shoots of trees. Proc. Indiana Acad. 

Sci. 1911: 321-324. 1912. 

Piper, C. V., & McKee, R. Vetches. U.S. Dept. Agr. Farm. Bull. 

515: 5-28. f. 1-10. 11 N 1912. 

Prescott, A. The tall spleenworts. Fern Bull. 20: 46, 47. [O] 1912. 

Prince, S.F. Notes on variousferns. Fern Bull. 20: 52, 53. [O] 1912. 

Pulle, A. Neue Beitrage zur Flora Surinams—III. Rec. Trav. Bot. 
Néerlandais 9: 125-168. pl. 2, 3. 1912. 
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Quehl, L. Bemerkungen iiber einige Arten von Mamillarien aus der 
Untergattung Coryphantha Engelm., Reihe Aulacothele Lem. 
Monats. Kakteenk. 22: 115-118. 15 Au 1912. 

Quehl, L. Mamillaria macrothele Mart. Monats. Kakteenk. 22: 
145-147. 15 O 1912. 

Roberts, E.W. The modern theory of the cell as a complex of organized 
units. Trans. Am. Micros. Soc. 31: 85-113. pl. 6-13 +f. A-K. 


Ap 1912. 

Robinson, C.B. Polycodium. Bull. Torrey Club 39: 549-559. 18 N 
1912. 

Rolfe, R. A. Evrtopsis Helenae. Curt. Bot. Mag. IV. 8: pl. 8462. 
N 1912. 


A plant from Peru. 

Rosenbaum, J. Infection experiments with Thielavia basicola on 
ginseng. Phytopathology 2: 191-196. pl. 18, 19. O 1912. 

Rusby, H.H. Newspecies from Bolivia, collected by R. S. Williams—2. 
Bull. N. Y. Bot. Gard. 8: 89-135. 23 N 1912. 

Ore hundred and fifteen new species are described. 

Schreiner, O. Organic constituents of soils. Science II. 36: 577-587. 
1 N 1912. 

Schreiner, O., & Skinner, J. J. The effect of guanidin on plants. 
Bull. Torrey Club 39: 535-548. f. 1-6. 18 N 1912. 

Seaver, F. J. Ancient and modern views regarding the relation of 
taxonomy to other phases of botanical work. Torreya 12: 262- 
264. 10 N 1912. 

Shear, C. L. The chestnut blight fungus. Phytopathology 2: 211, 
212. O 1912. 

Sheldon, J. L. Additions to the recorded mosses of West Virginia. 
Bryologist 15: 95-97. N 1912. 

Smith, E. F. Isolation of pathogenic potato bacteria: A question of 
priority. Phytopathology 2: 213, 214. O 1912. 

South, F. W. Further notes on the fungus parasites of scale insects. 
West Ind. Bull. 12: 403-412. 18S 1912. 

Starr, A. M. Comparative anatomy of dune plants. Bot. Gaz. 54: 
265-305. f. 1-35. 15 O 1912. 

Stevens, N. E. A palm from the Upper Cretaceous of New Jersey. 
Am. Jour. Sci. IV. 34: 421-436. f. 1-24. N 1912. 

Palmoxylon anchorus sp. nov. 

Stapf,O. Jriscaroliniana. Curt. Bot. Mag. 1V.8: pl. 8465. N 1912. 

Sydow, H. & P. Novae fungorum species—VIII. Ann. Myc. 10: 
405-410. 10 Au 1912. 

Includes Cronartium egenulum from Brazil. 
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Sydow, H. Fungi exotici exsiccati. Ann. Myc. 10: 351, 352. 10 Au 
1912. 

Includes several American species. 

Taubenhaus, J. J. Root gall diseases of roses, their cause and methods 
of control. Gard. Chron. Am. 15: 187, 188. f. 1-3. O 1912. 

Taubenhaus, J. J. <A further study of some Gleosporiums and their 
relation to a sweet pea disease. Phytopathology 2: 153-160. pl. 
16+ f.1. Au 1gt2, 

T ylor, N. Recent additions to the local flora garden. Brooklyn 
Bot. Gard. Record 1: 103, 104. O 1912. 

Thompson, W. P. Artificial production of aleurone grains. Bot. Gaz. 
54: 336-338. f. 7. 15 O 1912. 

Van Hook, J. M. Indiana fungi—II. Proc. Indiana Acad. Sci. 1911: 
347-354. f. 1,2. 1912. 

Vries, H. de, & Bartlett, H.H. The evening primrose of Dixie Landing, 
Alabama. Science II. 36: 599-601. 1 N 1912. 

Weingart, W. Cereus vagans Kath. Brand. Monats. Kakteenk. 22: 
135, 136. 15S 1912. 

Weingart, W. Pilocereus Houlletii Lem. Monats. Kakteenk. 22: 
132-135. 15S 1912. [Illust.] 

Weingart, W. Der Reif an Cereus trigonus Haw. var. Guatemalensis 
Eichlam und var. costaricensis Web. Monats. Kakteenk. 22: 129- 
131. 15S 1912. 

Weir, J.R. A Botrytis on conifers in the northwest. Phytopathology 
2: 215. O 1912. 

Wherry, E. T. Silicified wood from the Triassic of Pennsylvania. 
Proc. Acad. Nat. Sci. Philadelphia 64: 366-372. pl. 3, 4. O 1912. 
Includes Brachyoxylon pennsylvanica sp. nov. 

Whetzel, H. H. Baldwin spot or stippin. Proc. N. Y. State Fruit 
Growers’ Assoc. 11: 28-34. 1912. 

Whetzel, H.H. The fungous diseases of the peach. Proc. N. Y. State 
Fruit Growers’ Assoc. 11: 211-219. 1912. 

Wright, C. H. Chamaedorea glaucifolia. Curt. Bot. Mag. IV. 8: 
pl. 8457. O 1912. 

A plant from South America? 

Wright, C. H. Furcraea elegans. Curt. Bot. Mag. IV. 8: pl. 8461. 

O 1912. 


A native of Mexico. 





